The angle-dependence of strong field ionization has been studied for a set of molecules containing triple bonds: HCCH, HCN, HCC-CN, H 2 N-CCH, H 2 N-CN, H 2 N-CC-CN. Timedependent configuration interaction (TDCI) with a complex absorbing potential was used to model strong field ionization by a linearly polarized 7 cycle 800 nm cosine squared pulse. The ionization yields have been calculated as a function of the laser intensity and polarization direction, and plotted as three-dimensional surfaces. At low field strengths, the angular dependence can be understood in terms of ionization from the highest occupied orbitals. At higher laser intensities, ionization occurs from lower lying orbitals as well as from the highest occupied orbitals, as indicated by changes in the angular dependence of the ionization yield and by variations in the population analysis of the TDCI wavefunction with the intensity of the laser field. The ionization yield for directions parallel to the molecular axis increases more rapidly than perpendicular to the axis as the conjugation length is increased. NH 2 substitution substantially increases the ionization yield along the molecular axis but has only a small effect for perpendicular directions.
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Introduction
Both in the tunneling regime and in the barrier suppression regime, the angular dependence of strong field ionization is governed by electron dynamics on an attosecond and femtosecond timescale. Investigating dynamics on this timescale requires very short, intense laser pulses. [1] [2] [3] Early work showed that the ionization rate for N 2 and CO differed significantly when the polarization of the laser field was aligned parallel versus perpendicular to the molecular axis. [4] [5] Subsequently, the angular dependence of ionization was measured directly for N 2 , O 2
and CO 2 . [6] [7] For butadiene and some larger polyatomics, angle-dependent and channel-dependent ionization yields have been observed. [8] [9] [10] For high harmonic generation (HHG) spectra, the amplitudes of the various harmonics depend on the angle of the molecule relative to the laser field. The shape of the highest occupied molecular orbital (HOMO) can be reconstructed from this data using orbital tomography, 11 under the assumption that the angle dependence of the amplitudes comes only from ionization of the HOMO. However, HHG spectra can also have contributions from direct ionization of lower lying orbitals if the intensity is high enough. [12] [13] [14] [15] [16] [17] Earlier work also showed that intense laser pulse can cause non-resonant multiphoton ionization of inner-valence electrons. [18] [19] A qualitative description of the angular dependence of ionization for simple molecules can be obtained from Dyson orbitals. These are computed from the overlap between the neutral and the ionic wave functions, Molecular Ammosov-Delone-Krainov (ADK) theory provides a better description of ionization in the tunneling regime. [20] [21] More quantitative descriptions of the angular dependence of ionization and HHG spectra can be obtained using the time-dependent Schrödinger equation D r a f t (TDSE) with approximations such as single active electron-TDSE, quantitative rescattering theory, time-dependent resolution-in-ionic-states, time-dependent analytical R-matrix and timedependent generalized active space configuration interaction. [22] [23] [24] [25] [26] In previous studies, we examined the angle-dependence of strong-field ionization for N 2 , O 2 , CO 2 , and CH 2 O, 27 a set of polyenes, 28 and a series of second and third period hydrides 29 using a time-dependent configuration interaction (TDCI) approach using atom-centered basis functions. The TDCI approach is well suited for describing response properties. [30] [31] [32] [33] [34] and can also be used to simulate HHG spectra. [34] [35] When atom-centered basis functions are used, ionization can be simulated by including a complex absorbing potential (CAP) to absorb the fraction of the electron density that is distorted toward ionization by the laser field. [27] [28] [29] 36 This approach is suitable not only for strong field ionization in the barrier suppression regime but also for tunneling ionization. The TDCI-CAP approach is in good agreement with accurate grid based calculations for ionization of H atom as a function of field strength, and for changes in the rate of ionization of H 2 + as a function of bond length. 36 The calculated 3 dimensional shapes for ionization of polyatomic systems showed that direct ionization occurred not just from the HOMO but also from lower lying orbitals. [27] [28] [29] In the present work, we have used the TDCIS-CAP approach to examine the angle- 
Methods
The electron dynamics were simulated by solving the time-dependent Schrödinger equation:
where ˆe l H is the field-free electronic Hamiltonian. The electron-light interaction is treated in the semi-classical dipole approximation, where μ r is the dipole operator and E r is electric field component of the laser pulse. The absorbing potential used to model ionization,ˆa
constructed from a set of overlapping spherical potentials around each atom, as described in our earlier papers. [27] [28] [29] 36 Each spherical potential has a quadratic rise starting at 3. The time-dependent wavefunction is expanded in the basis of the Hartree-Fock ground state and all singly excited states of the field-free, time-independent Hamiltonian:
The time-dependent coefficients are propagated using a Trotter factorization of the exponential of the Hamiltonian:
where The simulations used a 7 cycle, linearly polarized cosine squared pulse
with a wavelength of 800 nm (9.35 fs FWHM) and φ = π. returned to zero and is taken as the ionization yield for the pulse. The angle dependence of the ionization yield is obtained by varying the polarization direction of the pulse with a given E max .
Three dimensional plots were generated using the ionization yield as the radial distance and the direction of the polarization as the angles. For the lower E max in each set, the radial distances were scaled so that the shape of the surface would not be obscured by the molecular structure. To obtain smooth surfaces, the ionization yields as a function of the angles were fitted to polynomials in cos(θ) n cos(mφ) and cos(θ) n sin(mφ), n = 0 − 9,m = 0 − 4.
Results and Discussion
The angular dependence of the ionization yield for the two simplest triple bonded species, HCCH and HCN are shown in Figures 1 and 2 , respectively, along with their molecular orbitals.
In both cases, the highest occupied molecular orbital (HOMO) is a doubly degenerate π orbital, 
